
Sept 21, 1965 J. G. CHURCHILL ETAL - 3,207,026 
APPARATUS AND METHOD FOR DETERMINING THE INDIVIDUAL 

AND AVERAGE CONTENT OF LIGHT ABSORBING FLUIDS 
Filed Feb. 17, 1961 6 Sheets-Sheet l 

INVENTORS 
Jed/{1v Gaowv/v CHupcH/44 
?aw/490B Hs/vps/ lows 

Y 

TTORNEY 



Sept 21, 1965 J. G. CHURCHILL ETAL 3,207,026 
APPARATUS AND METHOD FOR DETERMINING THE INDIVIDUAL 

AND AVERAGE CONTENT OF LIGHT ABSORBING' FLUIDS 
Filed Feb. 17, 1961 e Sheets-Sheet 2 

INVENTQRS 
Jaw/v éoowwv CHI/PCH/LL 
?ux/m0 HENAJS/ lows 

BY /% W i9 
A To 



sePt- 21, 1955 J. G. CHURCHlLL. ETAL 3,207,025 
APPARATUS AND METHOD FOR DETERMINING‘ THE INDIVIDUAL 

AND AVERAGE CONTENT OF LIGHT ABSORBING FLUIDS 
Filed Feb. 17, 1961 6 Sheets-Sheet 3 

23/ 

22/ 22 

(©) 
-47 

so ._39 

5/ g 3 

H6 .4. 

SM? 

+ + — 

INVENTQRS 
JZHN 600 wY/v CHOAVC H/LL 
143m H490 HE/vp w L o V/é" 

Wm ?%m//zéés 



Sept 21, 1965 J. G. CHURCHILL ETAL 3,207,026 
APPARATUS AND METHOD FOR DETERMINING THE INDIVIDUAL 

AND AVERAGE CONTENT OF LIGHT ABSORBING FLUIDS 
Filed Feb. 17, 1961 6 Sheets-Sheet 4 

\NVENTORS 
(JOHN 600 wv/v CHuA>c H”. L 

/CH/4RD l-‘NQV [o VIE 



sept- 21, 1965 J. G. CHURCHELL ETAL 3,207,026 
APPARATUS AND METHOD FOR DETERMINING THE INDIVIDUAL 

AND AVERAGE CONTENT OF LIGHT ABSORBING FLUIDS 
Filed Feb. 17, 1961 s Sheets-Sheet s 

v . _ 

27K 

ll H In 

I 

T 
[I ll 

I 

If ll 

\1 11 ll \1 

D 

f 8 
O 

I , 
| l 

44" 47 

CS 
- + 

_ VP’ 1 - a? //33 //4 
+ | _ 

F/e. //. 

INVENTQRS 
LjéH/v 60o w‘r/N CHuPc. HIL L 

lcHA A70 HEM? v lo we‘ 

Wm ikw/z/éé/d/z ATTORNEY 



Sept. 21, 1965 J. G. CHURCHILL ETAL 3,207,026 
APPARATUS AND METHOD FOR DETERMINING THE INDIVIDUAL 

AND AVERAGE CONTENT OF LIGHT ABSORBING FLUIDS 
Filed Feb. 17, 1961 6 Sheets-Sheet 6 

gm 

g . 
| z 
i z 
: . 

7% kw %%/ 'ATTQRNEYS 



United States Patent 0 
1 

3,207,026 
APPARATUS AND METHOD FOR DETERMINING 
THE INDIVIDUAL AND AVERAGE CONTENT OF 
LIGHT ABSORBING FLUIDS 

John G. Churchill and Richard H. Lovie, Fareham, Eng 
land, assignors to Graviner Manufacturing Company 
Limited, London, England, a British company 

Filed Feb. 17, 1961, Ser. No. 90,027 
10 Claims. (Cl. 88—14) 

This invention relates to devices for detecting, or meas 
uring the densities of, light-absorbing ?uid such as a mist, 
in particular an oil mist, or smoke, coloured gas or the 
like. 
The invention is particularly concerned with detectors 

designed for the detection of lubricating oil mists of ex 
cessive concentration occurring during the running of 
rotating plant and machinery and especially for the de 
tection of such mists in the crankcases of internal combus 
tion engines including diesel engines. 

Excessive oil mist formation in crankcases may occur 
as a result of overheated bearings or piston skirts and 
the provision of means for detecting such excessive oil 
mist formation enables early remedial action to be taken 
to prevent further damage. Moreover, excessive oil mist 
formation may constitute an explosion hazard, and the 
provision of means for detecting such excessive forma 
tion enables action to be taken before the oil mist can 
reach an explosive concentration. 

It is to be understood that the invention is also ap 
plicable to the detection of mists in general, for example 
the detection of vapour mists in air conditioning, refrig 
erating and gas cooling systems. Detection of colourless 
mists is possible, for example by passing the mist over an 
appropriate chemical which will react to colour the mist. 
The invention is also applicable to measuring the densities 
of exhaust gas from internal combustion engines. 
One construction of detector in accordance with the 

present invention which will be described below, is de 
signed to detect excessive oil mist formation in engine 
crankcases. Whilst described in connection with the de 
tection of excessive oil mist formation, the detector can 
be used for other applications as referred to above. 

It will be appreciated that during running of rotating 
plant, for example in the crankcase of an internal com 
bustion engine, there is always a certain amount of oil 
mist present. The density of this mist will depend on a 
number of factors, for example the speed at which the 
engine is running, the load upon the engine and the tem 
perature of the engine, the latter being in part dependent 
upon the two ?rst mentioned factors and also upon the 
ambient temperature. 

If a detector is required to give early warning of mist 
formation under all running conditions, di?iculty is ex 
perienced because the amount of oil mist which may be 
present when the engine is running under full load, at 
high speed and in a high ambient temperature, would 
represent an excessive concentration under slow-speed 
low-load conditions. Detectors in accordance with one 
feature of the present invention are designed to overcome 
this di?iculty by detecting the change in density of oil 
mist formation rather than the actual concentration at 
any given time although this also may be measured. 
The accompanying drawings show, by way of example 

only, two constructions of devices according to the inven~ 
tion. In the drawings: 
FIGURE 1 shows an oil mist detector installed on a 

diesel engine to sample gas drawn from a plurality of 
stations within the engine; 
FIGURE 2 is a diagram illustrating the principle of 

operation of the oil mist detector; 
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FIGURE 3 is a cut-away side view of a practical em— 
bodiment of a detector utilising the principle illustrated 
in FIGURE 2; 
FIGURE 4 is a cut-away end view of the detector of 

FIGURE 3; 
FIGURE 5 is a plan view of the light-re?ecting ar 

rangement seen in FIGURE 3; 
FIGURE 6 is a plan view of a sampling valve; 
FIGURE 7 is a section through the valve of FIGURE 

6; 
FIGURE 8 is part of an operating circuit for the de 

tector; 
FIGURE 9 is a diagrammatic view of a device for 

measuring the densities of exhaust gas in a diesel engine; 
FIGURE 10 is a detail diagrammatic view of the de 

vice of FIG. 9; and 
FIGURE 11 shows part of an operating circuit for the 

device of FIG. 9. 
The detector 1 shown in FIGS. 1 to 7 comprises a hous 

ing 2 which includes a U-shaped chassis 2' supporting be 
tween its upright arms two tubes 3, 3’ which each have 
a photoelectric cell 4,4 ’ mounted behind a glass window 
5 at one end of the tube. The other end of each tube is 
also closed by a glass window 6 and light is directed 
through each of these latter windows by mirrors 7, 7’ 
which re?ect light from a single electric lamp 8. Each 
tube is provided with an outlet port 11, 11' midway along 
its length which connects to the inlets 12 of a suction fan 
13 driven by an electric motor 14. Each tube has two 
gas or vapour inlet ports 15, 16, 15', 16’, one adjacent 
each end of the tube respectively. 
At each end of each tube is a synthetic rubber or 

plastic moulding 18 and supported within this moulding 
is a cuif or sleeve 20 which extends for a short distance 
into the tube. The moulding is also provided with a 
groove for accommodating the end window. 
The cuff extends past the inlet port at the adjacent end 

of the tube and in this Way gas or vapour drawn into the 
tube due to the suction applied to the central outlet ports 
flows in an axial direction towards the centre of the tube 
and is directed away from the end window, thereby avoid— 
ing or reducing the deposit of dirt or other solid particles 
upon the window which might otherwise cause false warn 
ings. The two inlet ports of the tube 3', which Will here 
after be referred to as the sampling tube, are connected 
by branch pipes 22’ to a common sampling inlet pipe 
23' which is connected to a rotary valve 24. The two 
inlet ports of the other tube 3, which will hereafter be 
referred to as the averaging tube, are likewise connected 
by two branch pipes 22 to a common averaging inlet 
pipe 23 which is also connected to a different part of 
the rotary valve. 
The rotary valve (FIGS. 2, 6 and 7) comprises a rotor 

30 mounted within a casing 27, the latter having a number 
of gas ports 28 spaced apart around the axis of rotation 
of the rotor. The rotor is driven round in a stepping 
movement by a stepping member formed as a Geneva 
cross 35 to communicate in turn with the gas ports. The 
interior of the rotor is hollow but has three openings, 
namely a ?rst opening 30a on its axis of rotation, a 
second opening 30b spaced from the axis to communicate 
in turn with the selected gas ports 28 and a third opening 
30c diametrically opposed to the second opening and at 
a smaller distance from the axis, the ?rst opening 30a 
of the rotor communicating permanently with the 
sampling tube 3'. 

In the particular valve under consideration, and shown 
in FIGS. 2 and 6, there are ten gas ports spaced apart 
around the valve casing in eleven positions, one position 
being blind, and the Geneva cross 35 has eleven recesses 
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35a so that the rotor is turned through one revolution 
in eleven steps, communicating with a different gas port 
at the end of each of ten steps. Over ten consecutive 
positions of the valve rotor, the rotor communicates in 
turn through its second opening 30b with each of ten 
gas ports 28. One of these gas ports 28', communicates 
directly with the averaging tube and the other nine with 
spaces in the engine or other apparatus to be monitored. 
At any particular time, ‘all of these gas ports not com 
municating with the second opening of the rotor, open 
into the interior of the valve surrounding the rotor. 
When the rotor is in communication with any of the 
nine ports samplings gas from the engine, the third 
opening 30c in the rotor is covered so that samples of 
gas are led in turn from each of the nine ports via the 
second and ?rst openings of the valve rotor to the 
sampling tube, and a mixed sample of gas passes from 
the remaining eight sampling ports via the ninth port 
28’ to the averaging tube. The valve rotor remains 
connected to one inlet port for a time suf?cient to ensure 
that a sample of gas or vapour is drawn from the respec 
tive monitored space into the sampling tube. The valve 
rotor then moves on to the next inlet port and so on. 

After samples have been selected in turn via the nine 
sampling ports, the valve rotor is stepped on into the 
blind position in which the second opening is covered 
and the third opening is placed in communication with 
a further port 28" open to the atmosphere so that clean 
air is drawn into the sampling tube to enable the average 
level of gas density for the nine monitored spaces to be 
measured. As an alternative to clean air, any suitable 
neutral i.e., non-light absorbing ?uid may be used. 
At the next step, the second opening of the valve rotor 

communicates with the port 28’ leading to the averaging 
tube and, by means of a pipe coupling 32 connecting 
port 28' to the interior of the valve casing through a 
peripheral port 28"’, is placed in communication with 
the space within the valve surrounding the rotor, so 
that an average sample of gas is led both to the averaging 
tube via the second opening and the sampling tub via 
the ?rst opening. In this position the response for the 
two tubes should be equal, and accordingly this may 
be referred to as the “zero” position. The zero posi 
tion is arranged to follow immediately after the “level” 
position, so that the air from the level position is cleared 
from the sampling tube by an average sample of gas 
before gas from an individual monitored space is drawn 
in. 
- The motor 14 driving the suction fan is also used to 
drive the Geneva cross for rotating the valve rotor. For 
this purpose a trip member in the form of a disc 44 is 
connected to the driving spindle of the motor by means 
of splines 45, the disc carrying a pin 46 for engaging in 
the recesses of the Geneva cross. To stop the drive to 
the valve rotor, the disc is moved axially against the 
force of a spring 47 to withdraw the pin 46 from the 
path of movement of the Geneva cross, or alternatively 
the motor is stopped. For the purpose of moving the 
disc 44, a solenoid 36 is provided which acts on one 
end of a lever arm 37 pivoted to a bracket 38 on a wall 
39 ‘of the detector chassis, the opposite end of the lever 
arm carrying rollers 43 which bear on the disc 44. 
When the valve rotor is disengaged from the motor,’ 

the valve rotor can be turned manually by means of a 
control knob 50 on the front wall 51 of the detector 
housing and the valve can thus be set to any desired 
inlet port and in particular to the zero position so that 
the apparatus can be adjusted. This is effected by ad 
justing one mirror to control the amount of light re 
?ected down one of the tubes to give equal light on both 
cells. 
For this purpose, as shown in FIGS. 3 and 5, the mir 

ror 7' is mounted on a pin 52 upstanding from a ?xed 
platform 53 and rotatable with respect to the platform. 
Extending through the pin 52 is a bow spring 54 which 
at one end engages a ?xed abutment pin 55 on the plat 
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4 
form and at the other end engages a screw 57 extending 
through a lug 58 mounted onthe platform. Thus by 
moving the screw forwards or backwards, the adjacent 
end of the bow spring is moved laterally which in conse 
quence rotates the mirror 7’ through a small angle. By 
making the distance between the screw 57 and pin 52 
suf?ciently large, the angle of adjustment of the mirror 
will be very small for a relatively large translational 
movement of the screw. 
As shown in FIG. 8, the two photoelectric cells 4’, 4, 

of the sampling and averaging tubes respectively are 
electrically connected so that their outputs are in op 
position and their opposed outputs are fed to a milli 
ammeter 65 or other voltage measuring device or suit 
able electrical means which will give an indication when 
a predetermined out-of-balance voltage develops. In 
this construction a milli-ammeter is used of the kind in 
which the pointer carries a contact which at full scale 
de?ection engages a ?xed contact of a relay and is held 
thereon by magnetic means. The completion of these 
contacts is then arranged to operate a visual and/or 
audible alarm, both on the detector housing and at 
a position remote therefrom. 
The desired sensitivity of the response from the photo 

electric cells varies according to whether the gas sample 
compared with the average sample is a sample from a 
particular space Within the engine to be monitored (“dif 
ference” sampling), a sample of fresh air (“level” sam 
pling) or a like average sample (“zero” sampling). Ac 
cordingly, as shown in FIG. 8, two variable resistors 
VR1, VRZ are arranged to be connected in parallel with 
the milli-ammeter alternately by a ?rst micro-switch SM1 
to vary the sensitivity of the milli-ammeter and its as 
sociated relay, the “lower sensitivity” resistor VRZ being 
selected only in the level and zero positions of the valve 
rotor. 

Shunting the “lower sensitivity” resistor VRZ are a 
second micro-switch SMZ and a further switch SWZB 
connected together in parallel. The two micro-switches 
are actuated by earns 66, 67 (FIG. 3) mounted for rota 
tion with the valve rotor so that the ?rst micro-switch 
connects the “higher sensitivity’2 resistor in circuit in the 
difference sampling positions, and the “lower sensitivity” 
resistor in circuit in the level and zero sampling positions. 

If the valve rotor is halted in the zero position, the 
switch SW2B being closed by this operation, VRZ is short 
circuited giving maximum sensitivity enabling the zero 
to be set accurately by adjustment of the mirrors. A 
sensitivity check is obtained by pressingpush button 
PBZB ganged with PBZA to connect resistance R6 and 
the micro-ammeter across the cell 4’ so that a warning 
signal will be given if the sensitivity is normal. 

In operation, the concentration of oil mist in the averag 
ing tube is the average of that drawn from all the engine 
spaces being monitored with the exception of the space 
which at that time is connected by the rotary valve to 
the sampling tube. Likewise the concentration in the 
sampling tube corresponds to that of the space which is 
connected by the rotary valve to the sampling tube at that 
particular time. Should a fault develop at any part of 
the engine which results in increased generation of oil 
mist, when a sample is drawn from this part there will 
be greater obscuration of light in the sampling tube which 
will lead to an out~of-balance/voltage developed by the 
photo-cell. If sui?cient, this will cause full scale de?ec 
tion of the milli-ammeter and operate the visual and/ or 
audible alarms. 

It will be understood that because any normal increase 
of oil mist formation occurring due to changes in the 
running conditions of the engine will occur relatively 
slowly, these will not result in a su?icient di?erence in the 
output of the two cells to cause a warning, and after a 
short time interval the concentration in the two tubes will 
become uniform. , v 

Due to the variations in wear between the different 
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cylinders and associated bearings, it may be that there 
is a difference between the normal acceptable oil mist 
concentration in the various parts of the crank case. To 
avoid this resulting in false warnings, whilst at the same 
time retaining a high degree of sensitivity in the detector, 
the pipes between the crank case and the rotary valve may 
be provided with adjustable air bleeds which enable the 
oil mist concentration fed into the rotary valve to be 
levelled off for the various parts of the crank case. 
Each photoelectric cell may be a silicon cell, or vacuum 

cells with appropriate electronic ampli?cation may be 
used. 

It may be arranged that when the contacts of the detector 
complete the warning circuit they also operate the sole 
noid and stop the rotary valve in the warning position 
so that it can be quickly ascertained at what part of the 
engine the excessive oil mist formation is occurring. 
The rotary valve may be modi?ed to provide for con 

tinuous rotation of the valve rotor, rather than stepped 
rotation. 
The modi?ed form of the device for use in measuring 

the density of exhaust gas in a diesel engine is shown in 
FIGS. 9 to 11 of the drawings. As shown in FIG. 9, 
the device 111 is mounted on the diesel engine casing and 
is connected through pipes 129 to each cylinder exhaust 
stub pipe so that individual samples of exhaust gas from 
each cylinder can be drawn into the measuring device. 
As shown in FIG. 10 the device comprises two tubes 

113 and 113’ as in FIG. 2, but in this case the tube 113 is 
?lled with clean air and sealed closed. The other tube 
113’ is connected as in FIG. 2 by a pipe 123' to a rotary 
valve 127 to which samples of gas from the diesel engine 
cylinders are supplied through the pipes 129. The device 
is provided with a suction pump 113 which is connected 
with the sampling valve 127 via the tube 113', and also 
communicates directly with the interior of the valve 127 
through a pipe 123. The tubes 113, 113’ are provided at 
one end with photocells 114, 114' connected to a meter 
133 and light from a light source 118 is directed by mirrors 
117 and 117’ along the tubes onto the photocells. It will 
be evident therefore that as individual samples of gas, or 
combined samples of gas, or a sample of air, are drawn 
through the tube 113', the meter will provide a reading 
of the density of the individual sample, the density of the 
combined sample or a zero reading respectively. 
The tube 113 may however be further modi?ed by the 

provision therein of a light obscuring ?lter in the form 
of a pivoted ?ap 170, such as a butter?y ?ap, which is ro 
tatable from outside the tube by a disc 171 having a 
pointer 172 movable over a Ringlemann’s smoke density 
scale 173. As this ?ap is rotated the amount of light 
passing along the tube will be varied and will provide the 
same effect as the presence of samples of smoke of varying 
density within the tube 113. The ?ap 170 may be posi 
tioned to give the effect of smoke of maximum allowable 
density so that when smoke is present in the tube 113' the 
meter Will give a reading, and the meter may be used to 
operate a warning lamp or other warning device 134 if 
this reading exceeds a predetermined value corresponding 
to the maximum allowable smoke density. 
By reason of the pipe 123 connecting the interior of 

the valve 127 to the suction pump 113, gas from each of 
the cylinders passes continuously through the valve and 
thereby a very quick warning is given if the gas in any 
one cylinder contains smoke of a density in excess of an 
allowable value. 
As shown in FIG. 11, the two photocells are connected 

in opposition and the sensitivity of the meter is varied by 
a variable resistance VR1 connected in parallel therewith. 
The meter 133 is connected through a calibration switch 
CS across the photocells, and with the sample selector 
valve in the zero (air sampling) position and with the 
smoke density disc 171 set to the zero position on the 
scale, one of the mirrors 117, 117' can be adjusted so that 
a zero reading is provided on the meter 133. Then to 
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set the sensitivity of the unit, the calibration switch is 
placed in the “calibrate” position, the smoke density point 
er 172 is placed on the desired position of the scale and 
the variable resistance VR1 adjusted to give a full scale 
meter de?ection. After setting, the calibration switch is 
returned to “normal” and the smoke density pointer re 
turned to zero and the device will then give a meter read 
ing with gas containing an appreciable density of smoke, 
or a warning if the sampled gas has a smoke density 
greater than that set on the smoke density scale. 
To obtain a measurement of the density of the smoke 

emitted from any one cylinder or the average density of 
the smoke from all the cylinders, the valve is stopped in 
a position in which the tube 113' is connected to the par 
ticular cylinder or all the cylinders, The pivoted ?ap 
170 is then turned until the reading on the meter 133 
is reduced to zero indicating a balance between the re 
sponses of the two photocells 114, 114' and the value of 
smoke density can then be read directly from the Ringle 
mann scale.‘ 

Since the samples of gas will in this case be at a rela 
tively high temperature, a heat exchanger or cooler is 
preferably connected between the engine and the tube 
113’ and preferably before the valve 127. This may take 
the form of an expansion chamber or chambers, or a heat 
exchanger employing coiled tubes with water cooling. 
The form of oil mist detector and smoke density meas 

uring device particularly described above are designed for 
selective sampling of a number of sources of gas. The 
device may however be modi?ed and simpli?ed for use 
in detecting or measuring oil-mist or smoke in gas from 
a single source. In such a modi?cation, the sampling 
valve and valve driving mechanism is omitted. Further 
more the sampling tube 13' or 113' is permanently con 
nected to the source of gas and the other tube is used 
as a comparator tube and for this purpose is sealed after 
evacuation or ?lling with clean air as in the case of the 
second embodiment. Again, if the source of gas is under 
pressure, the sampling tube is connected to the source 
through a pressure reducing valve, and in this case the 
fan for drawing air through the sampling tube will be 
omitted. The electrical circuit will also be correspond 
ingly simpli?ed. 
We claim: 
‘1. A device for determining the individual and average 

content of light absorbing ?uid in a plurality of ?uid sam 
ples, comprising means de?ning a pair of chambers, a 
photo-sensitive device in each said chamber, means for di 
recting light through each of said chambers to fall on 
the said photo-sensitive device therein, and a valve hav 
ing ?rst ?ow-directing means acting over a plurality of 
single sample positions to direct into a ?rst one of said 
chambers each of said plurality of ?uid samples in turn, 
and second ?ow-directing means acting simultaneously to 
direct the remainder of said plurality of fluid samples 
into the second of said chambers, said ?rst ?ow-directing 
means acting in a combined-sample position to direct a 
neutral ?uid into one of said chambers and said second 
?ow-directing means acting simultaneously to direct a 
combination of all said plurality of ?uid samples into the 
other chamber, and means connected to said photo-sensi 
tive devices for comparing the responses of said devices 
to determine, in said single-sample positions of the valve, 
the individual light-absorbing property of each sample in 
turn relative to the light-absorbing property of said re 
mainder of the samples, and to determine in said com 
bined-sample position of the valve, the average light 
absorbing property of the samples. , 

2. A device for determining the individual and average 
content of light absorbing ?uid in a plurality of fluid 
samples, comprising means de?ning a pair of chambers, a 
photo-sensitive device in each said chamber, means for 
directing light through each of said chambers to fall on 
the said photo-sensitive device therein, and a valve having 
?rst ?ow-directing means acting over a plurality of single 
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sample positions to direct into a ?rst one of said chambers 
each of said plurality of ?uid samples in turn, and second 
?ow-directing means acting simultaneously to direct the re 
mainder of said plurality of ?uid samples into the second 
of said chambers, said ?rst ?ow-directing means acting in 
a combined-sample position to direct a neutral ?uid into 
one of said chambers and said second ?ow-directing means 
acting simultaneously to direct a combination of all said 
plurality ‘of ?uid samples into the other chamber, both 
said ?ow-directing means cooperating in an apparatus 
testing position to direct a combination of all said plu 
rality of ?uid samples into each said chamber, and means 
connected to said photo-sensitive devices for comparing 
the responses ‘of said devices to determine, in said single 
sample positions ‘of the valve, .the individual light-absorb 
ing property of each sample in turn relative to the light 
absonbing property of said remainder of the samples, to 
deter-mine in said combined~sample position of the valve, 
the average light-absorbing property of the samples, and 
to determine, in said apparatus-testing position, the rela 
t-ive responses of said photosensitive devices to the equal 
light-absorbing property of the two combined samples. 

3. A device for determining the individual and aver 
age content of light absorbing ?uid in a plurality of ?uid 
sample sources, comprising means de?ning a pair of 
chambers, a photo-sensitive device in each said chamber, 
means for directing light through each chamber onto the 
said photosensitive device therein, a valve, a ?rst duct 
connecting said valve to a ?rst one of said chambers, 21 
second duct connecting said valve to the second of said 
chambers, means in said valve de?ning a ?uid passage and 
movable to a plurality of single-sample positions sequen 
tially in which it connects said ?rst duct with each of said 
?uid sample sourcesin turn and simultaneously causes 
the second duct to communicate with the remainder of 
said plurality of ?uid sample sources to supply a sample 
of ?uid from one individual source to said ?rst chamber 
simultaneously with the supply of a combined sample of 
?uid from the remaining sources to the second chamber, 
said movable means being movable on occasion into a 
combined-sample positionin which it connects one of said 
chambers with a source of neutral ?uid and simultane 
ously connects all of said plurality of ?uid sample sources 
with the other of said chambers, said movable means being 
further movable on occasion into an apparatus-testing 
position in which it connects each ,of said chambers with 
all of said plurality of ?uid sample sources, and means 
connected to said photo-sensitive devices for comparing 
the responses of said devices to compare, in said single 
sample positions of the valve, the light-absorbing property 
of each individual sample in turn with the light-absorbing 
property of said remainder of the samples, and to deter 
mine in said combined-sample position of the valve, the 
average light-absorbing property of the samples, and in 
said apparatus-testing position to check the ratio of the 
outputs from the photo-sensitive devices. 

4. A device according to claim 3 wherein said valve 
comprises a casing containing a plurality of ports, dis 
posed in a ring, for admitting the individual samples of 
?uid to said chambers, said movable means comprising a 
rotor de?ning said’ ?uid passage and movable in said cas 
ing into coincidence with each of said ports to select sam 
ples of ?uid to besupplied to said ?rst chamber, the re 
mainder of the sampling ports communicating with the 
interior of the casing, said second chamber communicat 
ing with theinterior of said casing through said second 
duct, said casing having an additional port open to a 
source of neutral ?uid, said rotor communicating with 
said neutral ?uid port in a position of the rotor in which 
all the sampling ports communicate with the interior of 
the casing, the neutral ?uid port being closed by said rotor 
in the other positions of the rotor. 

5. A device for determining the individual and average 
content of light absorbing ?uid in a plurality of ?uid sam 
ples from separate sources of ?uid, comprising means de 
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8 
?ning a pair of chambers, a photo-sensitive device in each 
said chamber, means for directing light through each of 
said chambers to fall on the photo-sensitive device therein, 
a valve having a casing provided with plurality of inlet 
ports connected to the respective sources of ?uid, a ?rst 
outlet port, a ?rst duct connecting said ?rst outlet port 
with a ?rst one of said chambers, a second outlet port, a 
second duct connecting said second outlet port with the 
second of said chambers, a hollowvrotor in said casing in 
permanent communication with said ?rst outlet port and 
movable into a plurality of individual-sample positions 
in each of which it registers with a different one of said 
inlet ports in turn to direct individual ?uid samples into 
said ?rst chamber, the second outlet port communicating 
via the interior ‘of the casing with the remainder of said . 
sample inlet ports to direct, in each individual-sample 
position of the rotor, the remainder of said plurality of 
?uid samples into said second chamber, said valve having 
an additional inlet port open to a source of neutral ?uid, 
said valve rotor being movable once in each revolution 
thereof into [a combined-sample position in which it reg 
isters with said neutral ?uid port to direct neutral ?uid 
into said ?rst chamber and thereby permit a combined 
sample of all the plurality of ?uid samples to be intro 
duced into said second chamber, and means connected to 
said photo-sensitive devices for comparing the responses 
of said devices to determine, in said single-sample posi 
tions of the valve, the individual light-absorbingv prop 
erty of each sample in turn relative to the light-absorbing 
property of said remainder of the samples, and to deter 
mine in said combined-sample position of the valve, the 
average light-absorbing property of the samples. 

6. A device according to claim 5 having a continuously 
rotatable motor and means coupling .said motor to said 
valve rotor to move it in steps between said inlet ports. 

7. A device according to claim 6 wherein said coupling 
means comprise a stepping member, means coupling said 
stepping member to drive the valve rotor, said member 
having recesses in its periphery corresponding in number 
to the number of steps through which the valve rotor is 
moved in each revolution thereof, and a trip member, 
means connecting said trip member to said motor for con 
tinuous rotation thereby, a projection on said trip mem 
ber arranged to engage in one of said recesses at each 
revolution of the trip member to rotate the stepping mem 
ber and hence the valve rotor onward through one step. 

8. A device according to claim 7 wherein said trip mem 
ber has a ?at surface normal to its rotational axis, means 
for moving said trip member along said axis, said means 
comprising an arm, one end of which bears against said 
surface, and means supporting said arm of pivotal move 
ment. 

9. A device responsive to the density of light absorbing 
?uid in any one ‘of a plurality of ?uid samples, compris 
ing means de?ning a pair of chambers, a photo-sensitive 
device in each said chamber, means for directing light 
through said chambers to fall on the respective said photo 
sensitive device, a variable light-obscuring ?lter posi 
tioned in a ?rst one of said chambers, a valve, a casing 
in said valve having an inlet port for each of said plu 
rality of samples, and an outlet port, a duct connecting 
said outlet port to the second of said chambers, means 
in said valve de?ning a ?uid passage and movable into a 
plurality of single-sample positions in which it connects 
each of said inlet ports in turn with said outlet ‘port, said 
movable means being movable into a further, combined 
sample, position in which it connects all of said inlet ports 
simultaneously with said outlet port, and means con 
nected to said, photo-sensitive devices for comparing the 
responses of said devices to compare, in said single-sam 
ple positions of the valve, the light-absorbing property of 
each sample in turn with the light-obscuring power of 
said ?lter and to compare in said combined-sample posi 
tion of the valve, the average light-absorbing property of 
the samples with the light-obscuring power of the ?lter. 
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10. The method of determining the individual and 
average content of light absorbing ?uid in a plurality 
of samples of ?uid comprising the steps of establishing 
two spaces for receiving ?uid, conducting each of said 
samples of ?uid in turn through a ?rst one of said spaces, 
conducting simultaneously the remainder of said samples 
through the other of said spaces, passing light through 
each of said spaces, and comparing the amount of light 
which is absorbed in said ?rst space in respect of each 
sample therein with the corresponding amount of light 
which is absorbed in said other space by said remainder 
of said samples therein to determine each side indi 
vidual content in relation to that of the remainder, occa 
sionally passing a sample of clean air through said ?rst 
space intermediate two of said ?uid samples and simul 
taneously conducting a combined sample of all the ?uid 
samples through said other space and comparing the rela 

10 

10 
tive amounts of light absorbed in said spaces to determine 
said average content. 
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